Acceleration of hepatocellular energy by idebenone during early reperfusion after cold preservation ameliorates heat shock protein 70 gene expression in a pig liver model.
Heat shock proteins (HSPs) are induced in the liver after warm ischemia/reperfusion and are thought to be markers of hepatocellular injury and oxidative stress. The influence of variable periods of cold storage followed by reperfusion on the expression of HSP70 was studied in the isolated perfused pig liver. Organs were harvested and stored in histidine-tryptophan-ketoglutarate solution at 4 degrees C and then perfused (210 min) in a closed water bath (38 degrees C), which subjects the liver to fluctuating outer pressure. The role of energy depletion, reactive oxygen intermediates, Kupffer cells, and circulating leukocytes in HSP70 expression was determined. HSP70 expression was not detectable in liver tissue before explantation or before reperfusion by Northern blot analysis using a pig HSP70 gene probe. HSP70 expression was observed after reperfusion depending on cold storage time. Kinetics of HSP70 expression monitored by reverse transcriptase polymerase chain reaction showed a rapid increase of mRNA within 1 hr, which was closely associated with delayed recovery of hepatocellular energy charge, as assessed by the ketone body ratio. The inactivation of Kupffer cells, the presence or absence of leukocytes, and the suppression of oxidative stress with the antioxidant idebenone, given during reperfusion, had no influence. However, feeding the animals with idebenone over 7 days before explantation led to a faster recovery of ketone body ratio, paralleled by a substantial suppression of HSP70 expression. Our data show that HSP70 expression during reperfusion is mainly dependent on the preceding cold storage time and the consecutive delayed recovery of the hepatocellular energy charge.